It is about a quarter of a century since I opened my first mastoid under the watchful eye of Sir Geoffrey Bateman, to whom I shall always be indebted for having aroused my interest in otology, and it is about a century since Schwartze himself opened his first mastoid. It seems an appropriate moment therefore, at this first centenary of mastoid surgery to pause and survey the past as it has had a bearing on the present, and the present as it may bear on the future.
Professor Hermann Schwartze, with his assistant, Doctor, later Professor, Eysell, published in 1873 the paper on mastoid surgery which can be said not only to have revived interest in and overcome a then entrenched hostility to opening the mastoid, but to have provided the greatest impetus for the advances in otosurgery of which we are now conscious. I have had his and other primary writings in the German language, towhich I shall refer, freshly translated so as to avoid the possibility of erroneous repetition culled from secondary sources.
The hostility to mastoid surgery which had to be overcome, derived chiefly from the fatal outcome of a mastoidotomy performed on Baron Bergen, Court Physician to the King of Denmark, at his own request, a century previously. Louis Petit of Paris and Jasser a Prussian military surgeon had successfully treated mastoid suppuration by perforation of the cortex, and Bergen conceived the idea that opening his own mastoid might relieve his deafness and tinnitus; but he died 12 days later, in great pain.
The few reports of mastoid perforation appearing in the literature of the 18th century and first half of tte 19th were listed by von Trdltch under whom Schwartze at one time worked at Wurzburg. And it was von Troltch who urged Schwartze on to repay to the surgical opening of the mastoid the attention it deserved. Baron von Troltch born in 1829, youngest son of a Bavarian County Court Judge, became Professor in Aural Medicine at the University of Wulrzburg in 1864. He studied ear diseases under Wilde in Dublin and Toynbee in London. In his obituary in the Lancet in 1890 it was said that 'in his later years an insidious neurosis sapped his powers and finally reduced him to helplessness'. It is rather a melancholy coincidence that in the end Schwartze too suffered from the same kind of nervous complaint with symptoms of restlessness, vertigo, and delusions, succumbing eventually at the age of 73 to acute heart failure. But his nerves were strong enough 100 years ago, at the time he was pressing his ideas in the face of the then contrary orthodox dogmas on the management of mastoid suppuration.
Cortical Mastoidectomy
In the paper already referred to entitled 'The artificial opening of the mastoid process', Schwartze (1873) , then professor at Halle University, described, first of all, a case of mastoid suppuration where the cortex was so soft it could be easily broken into with a firm probe. Pus having escaped the interior could then be irrigated. He noted that in cases of cortex destruction healing could be accelerated by curettage of the interior, and where the cortex was still hard it could be perforated by trochars or trephines. But most importantly he further advanced the concept of drainage beyond mere trephining and curettage, to the use of chisels to remove sufficient bone to drain and inspect the antrum. He also suggested such an antrostomy might be useful in chronic infection. He reported 63 opera-tions, 31 with healing, 8 deaths, and the remainder showing little or no improvement, but so soon as these relatively favourable results from the Halle Clinic became widely known there was a rapid renewal of interest in mastoid surgery. Reports from numerous other centres became available by the end of the 1870s, and Politzer wrote in 1913, by which time he had retired from his Professorship in Vienna, that by the turn of the century the relevant literature had grown to virtually unmanageable proportions.
The Schwartze operation, originally used preferentially for acute mastoiditis, became increasingly employed in the treatment of chronic infection, mainly in cases of acute flare up or of carious fistula formation in the vicinity of the ear. Later on the indication for the Schwartze procedure was extenced to cases of persistent malodorous suppurative otitis media and to the appearence of complications. The rationale was to establish a direct communication between the mastoid process and tympanic cavity through which the latter could be irrigated with antiseptic. But as it would now seem obvious to us, this was inadequate, and success in treating chronic disease lagged far behind that achieved in acute mastoiditis.
Radical Mastoidectomy
Although Johannes Kessel -Professor of Otology at Jenaaccording to Heermann (1969) , published in 1885 a description which I have not been able to trace, of a radical mastoidectomy performed by the endaural route to transform the many separated middle ear spaces into one cavity with smooth walls, and Von Troltch back in 1873 had envisaged the kind of extension of the Schwartze operation that might be needed for the management of chronic disease, the impetus for the radical procedure seems to have been provided by Ernst Kuster of Berlin (1889), .who advocated early opening of all abscess cavities in hard bones with complete exposure of the sources of pus regardless of depth. Rational surgical treatment, he wrote, must proceed from the principle that the bone must be widely opened for visual exposure of the disease, which must be completely removed, and for exposure of the source of the pus, so that pus has free access to the exterior. This principle of exposure, removal and exteriorization of disease was called by Kuster a radical operation. But as far as I can gather from his writings he did not himself perform a radical operation on the mastoid but simply propounded the principle from success obtained in treating chronic abscesses elsewhere.
Ten years previously in 1879, His Excellency Professor Von Bergmann (1889), who had succeeded Von Langenbech at the Royal University, Berlin, removed the upper posterior wall of the external auditory meatus, not primarily to treat the condition it is now indicated for, but to remove a bullet that had lodged in the depths cf the external auditory canal and caused an infection, with symptoms of high fever, headache and vomiting. Bergmann was also Surgeon General of the German Army, and an honorary Fellow of the Royal College of Surgeons of England. Politzer referred to the radical mastoidectomy as the Kiister-Bergmann operation but in later years it was often referred to as the Zaufal or Stacke operation.
Emanual Zaufal (1890) of Prague, carried out the typical Schwartze procedure and then, by inserting one blade of a Luers bone rongeur into the external meatus and the other through the antrostomy, with a single closure of the forceps took out the upper posterior wall of the meatus and outer attic wall in one bite. Angled and endcutting pliers of various sorts were then proposed by others to perform this manoeuvre. But this dramatic solution to the removal of the meatal wall fell into disfavour and wide angled hollow chisels came to be preferred.
Stacke of Erfurt (1893) worked backwards from the attic having first, it would seem rather unnecessarily, temporarily detached the pinna and cartilaginous meatus; this particular approach became recognized as most appropriate in cases of abnormally forward placed transverse sinus or small mastoids with atrophied antrum. Stacke can also claim the merit of having been the first to carry out skin grafts, from flaps raised from the meatal wall, thus facilitating early epidermization of the cavity which was already recognized as so very essential for quick healing. He also in 1913 performed the first repair of a severed facial nerve by approximating the ends together in the facial canal.
Modified Radical
Prior to this in 1885 as already mentioned, the endaural approach had been described by Kessel, and in 1889 Otto Korner of Wiesbaden (1899) suggested a modification of the radical operation, whereby the damage to hearing might be prevented. This modification consisted in removing the upper posterior wall of the auditory canal and the outer wall of the antrum, leaving some of the outer attic wall in order to preserve the hammer and the anvil. But it was not until 1906 that the Englishman C J Heath (1906) and the American W S Bryant (1906) independently published records of modified radical operations in which they practised partial removal of the posterior meatal wall to establish an opening from the antrum to the meatus but preserved a 'bridge' and outer attic wall. Charles Heath was aural surgeon to the then Throat Hospital in Golden Square, and was well known not only as an aural surgeon but also as a sportsman and inventor. For instance, he designed an anti-gas helmet supplied to the British Army in World War I. He was undoubtedly a man of many parts, but nevertheless when it came to his operation, rather too single-track minded. He had become impressed with the antrum as the key to the management of chronic suppuration and wrote in the Lancet (1906) 'Let us eliminate the antrumthe danger zone'. As a result of this conviction he introduced his operation in which the antrum was exteriorized by removal of the posterior bony meatus: granulations and polyps were removed through the perforation, but the ossicles and membranes were preserved. After-treatment consisted of dry mopping, auto-inflation and a blast of air via a cannula from the meatus into the antrum and aditus. On the strength of only 9 successful cases, he claimed his operation eliminated disease and danger as effectually as a radical without destroying the hearing, and went as far as to claim that it was even as safe as a radical in cases of cerebral or extradural abcess and lateral sinus thrombosis. It was said he was 'somewhat vain of the method and spoke of it sometimes to the weariness of his auditors'. Kopetzky (1909) of New York published a strong critique pointing out, as is indeed true, that in all but 3 of Heath's 9 cases the histories showed them to have had acute attacks of mastoiditis presenting with subperiostial swelling. Kopetzky took the view that a simple mastoidectomy would have served just as well in Heath's cases, and this seems to have been the general consensus. The operation of Heath, who in later years suffered from deafness which led him to resign in 1933 as Member of the House Committee of the Governors of Barts, was superceded by the operation described by Gustav Bondy (1910) . Bondy followed the recommendation of Komer and removed outer attic wall and bridge to exteriorize disease in attic and antrum and retained pars tensa and ossicles in the interest of hearing. He emphasized that this modified radical procedure should be reserved for disease localized to the attic and antrum, but even so bis operation attracted very few supporters. Little or no interest was taken in it for a quarter of a century. Then Lempert of New York just before the last war, and Tumarkin of Liverpool (1948) and Baron of San Francisco (1949) just afterwards gave new impetus to the concept, and the modified radical mistoidectomy as we now know it became established. It is often referred to as the Bondy operation. Bondy belonged to the great days of the Vienna school, having been assistant at the University Ear Clinic at the time of Politzer as well as a colleague of Barany. But he was obliged to leave his post to escape the Nazis and went to Sydney, Australia in 1939 where he died in 1954.
If one delves into history a recurring pattern always seems to emerge. A promising surgical procedure is introduced and then falls into obscurity, later to be revived, not infrequently as a new procedure, by a surgeon who seems oblivious to the existence of the previous work.
For example, Fritz Thies (1908) claimed the endaural radical mastoidectomy as an entirely new procedure but Kessel had performed the radical endaurally 23 years earlier in 1885. Why was his work ignored? Heermann (1969) in a comparatively recent article tells us it was because Kessel, a brilliant innovator, had become persona non grata in the otological world of his time because of fatality arising out of, of all things, stapes surgery. Kessel successfully mobilized a stapes in 1878. The following year he described good hearing from sound-protection of the round window using drum remnantsexplicitly using the advantages to be gained from a sound pressure differential between the two windows -a method seventy-five years later to be propagated by Wullstein in his Tympanoplasty Type IV. Kessel again in 1885 noted good hearing improvement when drum remnant became adherent to head of stapes when long process of incus was deficient, later named by Wullstein as Tympanoplasty Type III. Kessel's mobilization was taken up by others just before the turn of the century and even stapedectomy was practised until, as Heermann describes it, in 1900 the clouds gathered and the storm broke upon Kessel and those following him. Politzer, Siebenmann and Denker, leading authorities of the day condemned stapes surgery because of the risk of intracranial infection, and the lights were dimmed for half a century. Kessel was literally finished and retired from his Professorship at Jena. His surgical procedures, including the endaural radical, became quite forgotten or deliberately ignored. He received no mention at all in connection with the surgery of the mastoid in Politzer's massive two-volume work on the history of the treatment of ear diseases published in 1913 . But for Heermann's article I would not myself have been aware of his pioneer work in mastoid surgery.
In summary what may be called the Old European period spanned the forty years preceding the outbreak of World War I. The principles upon which safe and successful management of chronic otomastoiditis had been founded were, exposure of the disease area, complete excision of all irreversibly diseased tissue, and the effective exteriorization of the deepest sources of the disease. The centrality of this concept survived both World Wars and remained unchallenged until the 1950s when Wiillstein of Wurtzburg in a sense transgressed the third principle by covering the depths with skin grafts. The apologia for this was the refinement ot the excision afforded by the operating microscope, and the enhancement of infection control by the advent of antibiotics. But the great motivating interest that promptedexperimentation along these lines was the desire to preserve or improve hearing, and this desire survives and I trust will continue to survive as a stimulus to further advances in the future.
Combined Approach Now we are, in what might be called the North Atlantic Treaty Organisation period, at the point where the preservation of the posterior meatal wall first practised by Jansen (1968) in 1957 and adopted by Sheehy (1970) and his associates in mid-1958 is in current vogue. Some eleven years ago, at the Second Chicago Workshop on reconstructive middle ear surgery, House & Sheehy (1963) laid down the guide lines for the combined approach technique. The first objective of surgery remained elimination of infection, the second was preservation of an ear canal and tympanic membrane, the third the preservation or restoration of function. It has been criticised as transgressing all three of the classical principles; as not affording sufficient exposure of the disease area, as preventing adequate excision of disease and as affording no exteriorization whatever. In very skilled hands the effectiveness of exposure and excision has been shown to be beyond doubt, although it is well recognized even by the very elect that posterior meatal wall and bridge may need to be lowered and a radical completed in some cases. It is also recognized that revision surgery to ensure that recurrence from residual disease does not occur undected may have to be considered as routine in some cases, that is where some doubt exists in the surgeon's mind of the adequacy of his exposure and excision.
The question this practice poses is whether in any case of doubt the posterior meatal wall should be preserved at all. But the advantages of avoiding a mastoid cavity and the possible benefit to the hearing are strong arguments in favour. Smyth et al. (1971) regard recurrent cholesteatoma after a combined approach operation as due to formation of new retraction pockets, and consider the problem eliminated by bridging defects in the bony sulcus with cartilage film, and lining the middle ear and mastoidectomy cavity with plastic sheeting. Smyth has only had residual cholesteatoma in 3.5 % of 400 cases of cholesteatoma and in over half of these the residuum was in an accessible area unaffected by the difficulties of clearing the junction area in a combined approach. But he accepts that success depends on the technical knowhow of those able to give time to its thorough acquisition, and he states, I quote from three years ago, 'for the immediate future it may be wiser to speak less about combined approach tympanoplasty and more about alternative, less complicated procedures.' I believe that in historical perspective this utterance of Smyth may come to be seen as a significant high water mark in the combined approach story. Following his advice perhaps the literature has been recently somewhat reticent on the subject. One paper alone stands out, that of Sheehy (1973) and his associate Crabtree from Los Angeles, California, published in The Laryngoscope last year, in which, reaffirming the twin objects of the operation as elimination of disease and permanent restoration of hearing, they recommend planned two-stage operations and reexploration for residual disease in all cases in which a closed technique has been used for mastoid cholesteatoma.
Here we indeed have a change of course. From having staged less than 10 % of their cases in 1963 Sheehy & Crabtree were staging 50% by 1971, and are now often reexploring the combined approach tympanoplasties performed in pneumatized mastoids with cholesteatoma after I to 2 years.
They point to what some of us have long suspected that the recurrence rate of diffuse cholesteatoma in children is very high -56% in their series. In adults they found residual cholesteatoma in 35% of 99 reexplored cases, 12% of which were unsuspected. They report that residual cholesteatoma was found in the middle ear and mastoid more often than expected. They conclude that 'serious consideration should be given to reexploration of all cases with mastoid cholesteatoma and to staging all cases with middle ear cholesteatoma'.
My concern in this Address has been with the main aspect of mastoid surgery, the elimination and control of disease. While the problem of Table 1 Comparison of results of 50 combined approach tympanoplasties (CAT) with 50 mastoidectomies 1970-72 No. restoration of hearing is of the utmost importance and has provided the greatest impetus to the development of middle ear surgery over the last decades it is, and will surely always remain, dependent upon successful management of the disease.
Conclusion
In conclusion I would like briefly to refer to our own experience at King's College Hospital over the last few years by comparing the fate, as regards disease only, of 50 consecutive combined approach tympanoplasties (CAT) with 50 consecutive radical mastoidectomies performed between 1970 and 1972. There has been the inevitable fall out in follow up (Table 1) , but the numbers currently being followed in each group are comparable, as is the outcome in terms of dry and discharging ears. The difference is that in the case of the combined approach tympanoplasties still infected there is hanging over each patient the threat of further surgery, and over the surgeon the anxiety connected with uncertainty over the safety and extent of residual or recurrent disease. In the mastoidectomy cases the discharge is a nuisance but not a worry. In both series the incidence of cholesteatoma was the same (Table  2 ). But again in the case of the mastoidectomies it is known to have been eliminated while in the combined approach tympanoplasties it may still be there or have recurred. We have also had to revise some of our tympanoplasties and have begun to think in terms of staging. The fate of the 12 revised cases indicates our greater confidence in the radical mastoidectomy as the safest operation for dealing with disease: (1) All were for recurrent or residual cholesteatoma.
(2) All were converted to radical or modified radical cavities.
(3) Five were subsequently dry and trouble free.
(4) Four continued to discharge. (5) Three failed to attend for follow up, but we are not unduly concerned about them for it is exceedingly rare for a patient who has had a radical to run into serious trouble even if the ear is unattended.
It would seem therefore that those who have conscientiously trained themselves to the standards of surgical proficiency required to perform a proper combined approach, and who intend to perform a combined approach, must now say to their patients with manifest or suspected cholesteatoma 'we shall have to do two operations, the first to get rid of the disease, the second to make sure we have got rid of the disease and to try to restore your hearing'. Alternatively it may be said to the patient: 'If you prefer we could do one operationthe radicalwhich will get rid of the disease, will give you a safe ear, or the safest ear possible, which carries a high expectation (odds of about 4 to 1 on) of giving you a trouble free ear, and which, although followed by poor hearing, does not close the door on the possibility of restoring some of your hearing at a later date.' I must ask you to answer this question, which is the question for the immediate historical future, if it was your ear which of the operations would you have?
The names of the surgeons whose work and ideas have been included in this Address are not very numerous. Very many others in various parts of the world, including this country, have made important contributions, but not in my judgement of such historical moment as those we have considered. It is not easy in Britain today for any surgeon to practise otology to the exclusion of everything else, indeed it may be argued as undesirable. Very, very few are able to do so and I am not one. But I hope the next hundred years will see a time to which perhaps a future member of this section may be able to refer, as the British Period, when world interest will have been inevitably focused on outstanding original work and progress made in the surgery of the mastoid in these Islands.
